Introduction
Discrete posterior fossa cerebrospinal fluid (CSF) collections that are clearly separate from the fourth ventricle and vallecula are classified as posterior fossa arachnoid cysts (PFAC). [1, 2] Arai and Sato had clearly outlined the indications for surgery in PFAC. [3] Management strategy depends upon the size and location of these arachnoid cysts within the posterior fossa. Holst et al., in 
Materials and Methods
In our center during the period 2001-2012, 26 cases of large intracranial arachnoid cysts were treated in adults. Diagnosis was based upon the CT and or MRI scan findings in those patients who were symptomatic. Among which 7 cases of PFACs were treated. The age group ranged between 21 and 54 years and there were preponderance of females (male: Female =1 :6] . The following inclusion criteria were followed: (1) Age >18 years with normal higher functions. (2) PFAC which are above 25 mm in size in any one axis. (3) Erosion of the suboccipital bone or compression of the 4 th ventricle or cerebellum. Children and Dandy-Walker cysts and its variants were excluded from the study. Based on the location of the PFAC either excision of the cyst wall or cysto-peritoneal shunt was performed. The entire cyst wall in cases, which were excised was sent for histopathological examination. These patients were periodically followed-up. The follow-up period ranged from minimum 3 years to 12 years.
Literature search was carried out on Internet using PubMed, Medscape and Google Advanced Search. The key words that were used to search were "Arachnoid cysts intracranial arachnoid cysts PFAC intra-fourth ventricular cyst, posterior fossa cyst, retrocerebellar cyst." In the period 1973-2012, we found 174 PFAC, which have been reported in literature that includes PFAC in pediatric and adults as either exclusive case reports or case series or PFAC cases published under intracranial arachnoid cysts. Different modalities of surgical intervention were followed in these cases with variable success rate and there were no uniform guidelines for the management of these cases.
Results
Among the 7 cases, in 6 cases the PFAC was located in the midline [ Figures 1 and 2 ] and in the 7 th case it was in the cerebello-pontine (CP) angle cistern [ Figure 3 ]. All these patients were treated surgically since they were symptomatic. Excision of the cyst was performed in five of these cases. In 2 cases where the PFAC was located within the fourth ventricle, cysto-peritoneal shunt was performed [ Figure 1 ]. Postoperative CT brain scan showed variable reduction in the in size of the cyst from complete to partial collapse of the cyst [ Figures 1-3 ] even though clinically all patients improved. The clinical features, location of the cyst within the posterior cranial fossa, surgical procedure performed the complications that occurred following surgical intervention and the long term outcome of all the 7 cases of PFAC has been summarized and presented in Table 1 . 
Discussion
We reviewed the literature and found 174 PFAC cases (1973-2012) has been reported that include cases in pediatric group also and added 7 of our new cases in adults with a follow-up ranging from 3 to 12 years. Arai and Sato [3] had clearly outlined the indications for surgery in cases of PFAC. In their series, they had 7 cases of PFAC among the 26 cases of posterior fossa cyst, which they had reported and that included mega cisterna magna (11 cases), Dandy-Walker malformation (5 cases) and others (3 cases). In these 7 cases, multiple surgical procedures like resection of the posterior wall of the cyst with cysto-peritoneal shunt in the same patient were performed in 5 cases, which clearly show that there is no clear strategy in treatment of PFAC cases. Various treatment options have been suggested in the management of PFAC. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Recent advances in neurosurgical techniques and neuroendoscopy, continue to favor endoscopic fenestration over shunt insertion as the method of choice for initial cyst decompression. [9, 11, 14, 18, 19] Holst et al., in their recent article has stated that the best surgical treatment of cerebral arachnoid cysts is still controversial. [4] The management strategy followed in various case series and anecdotal case reports were reviewed and analyzing our own cases, we propose a surgical strategy for these lesions.
We observed that these PFACs can occur either in the Midline as 1a: Midline Intra-fourth ventricular/retroclival cyst [ Figure 1 ] 1b: Midline extra-fourth ventricular cyst [ Figure 2 ] or in the lateral region in the 2a: Lateral CP angle cyst [ Figure 3 ] 2b: Lateral retro-cerebellar/intra-cerebellar cyst [ Figure 4 ]. We suggest that in the midline PFAC 1b [ Figure 2 ] and retro-cerebellar PFAC 2b [ Figure 4 ], it is possible to remove the cyst wall completely including that adherent to the cerebellar surface by gently peeling of the cyst wall. During micro-surgical excision of the cyst it is imperative that minimum 5 walls of the cyst are removed to prevent recurrence, considering the cyst as 6 walls. In the CP angle PFAC 2a [ Figure 3 ], in one of our case the medial part of the cyst wall which was adherent to the cerebellar anterior surface and the cranial nerves were left in situ. This prevented complete expansion of the cerebellum even after 10 years but patient improved and was asymptomatic. Few authors have reported incidence of cranial nerve injury during excision of the medial wall of cyst wall over the cranial nerves and brainstem in CP angle PFAC. [10, 13] Hence taking this facts into consideration we propose that the inner wall can be left in situ in CP angle PFAC and if possible fenestration to be done. Other walls to be excised and still we can achieve excellent functional long-term outcome [ Figure 3 ].
Regarding PFAC 1a [ Figure 1 ] located deep intra-fourth ventricle cyst or retroclival cyst, we suggest a cysto-peritoneal shunt to be performed which is a safe option than opting for open microsurgical excision. To microsurgically approach these cysts located within the fourth ventricle or retroclival region either a midline vermis splitting incision or elevating the vermis have to be performed with its attendant postoperative risks of vermian dysfunction which could be permanent. The other approach for retroclival cyst involves far lateral transcondylar approach, which has its own risk of complications. Regarding endoscopic excision of the cyst variable results have been obtained with reports of recurrence requiring resurgery. [4, 9, 11, 20, 21] Hence, we prefer cysto-peritoneal shunt for these PFAC 1a type cysts. Treatment of retroclival or intra-fourth ventricular PFAC by cystoperitoneal shunting may be complicated by a malpositioned proximal catheter located within the brainstem or cerebellum causing acute shunt malfunction or neurological deficits. [22] Sandberg and Souweidane [23] suggested that proximal catheter placement from a posterior fossa approach can be aided by a malleable endoscope that may prevent malposition and its complications as observed in 3 out of their 4 cases they treated by using this technique. Hence, we suggest this to be performed only by experts in the neuro-endoscopic field.
Obstructive hydrocephalus was present in 2 of our 7 cases especially with midline PFAC. In two patients ventriculo-peritoneal shunt was performed. In 1 case with midline extra-fourth ventricular cyst causing hydrocephalus the shunt was performed 1-year prior to definitive surgery over the cyst without any complications. However in the 2 nd case of midline intra-fourth ventricle cyst, the ventriculo-peritoneal shunt was performed simultaneously along with cysto-peritoneal shunt since patient had bilateral papilloedema, bilateral 6 th nerve paresis with grossly dilated ventricles indicative of severe raised intracranial pressure. However, this patient developed after few months, symptomatic chronic subdural hematoma and had to be re-operated. Burr hole evacuation of the chronic subdural hematoma and partial closure of the ventriculo-peritoneal shunt was performed. On critical analysis of this case including postoperative CT scan pictures, we opine that it is due to over drainage of the CSF. This has occurred due to restoration of the normal CSF pathway from the 3 rd ventricle into the intra-fourth ventricle cyst and also through the ventriculo-peritoneal shunt tube since after partial closure of the shunt tube there was no recurrence of hydrocephalus on follow-up [ Figure 1 ] and patient is asymptomatic for >6 years. Hence, we opine that in cases where associated ventriculo-peritoneal shunt has been performed, they should be under periodic follow-up for a minimum period of 6 months to detect the complications of over drainage of the CSF. Even though our study caters only to adults, after reviewing the published literature in children, [2] [3] [4] [5] [9] [10] [11] 14, 18, 20, 22, 23] the above mentioned surgical options for PFAC located in different positions within the posterior fossa can be carried out in children.
Hence in summary, we propose the surgical strategy with which we can achieve excellent long term results for these PFACs. The surgical strategy for Midline extra-fourth ventricular cyst [ Figure 2 ], Lateral CP angle cyst [ Figure 3 ] and lateral retro-cerebellar cyst/intra-cerebellar cyst [ Figure 4 ] is microsurgical excision of the cyst wall, which can be safely performed with excellent long term outcome. The treatment strategy for midline intra-fourth ventricular/retroclival cyst can be either cysto-peritoneal shunt or endoscopic fenestration of the cyst [ Figure 5 ]. All our cases were followed-up for a minimum period of 3 years and maximum 12 years which to our knowledge it is one of the longest follow-up series of such type of PFAC cases in adults reported in literature.
